Summary. A systematic 20-year follow-up study of 1,221 diabetic patients was carried out in Osaka, Japan. The mean annual mortality rates were 2.55% for men and 1.64% for women. The ratios of observed to expected numbers of deaths were 1.50 for men and 1.39 for women, indicating an excess mortality for diabetic patients of both sexes, and higher mortality in men than in women. Factors that predisposed diabetic patients to premature death were early age of onset, albuminutia, diabetic retinopathy and fasting glucose level > 11.1 mmol/1 at the initial examination. Insulin dependence was also associated with poor prognosis. Cerebro-cardiovascular and renal diseases were the major causes of death in the diabetic patients; heart disease was the cause of death in 16.9%, cerebrovascular disease in 16.4% and renal disease in 11.9%. The relatively high incidence of renal disease as cause of death in diabetic patients was striking. Malignant neoplasms of liver and of pancreas and cirrhosis were also associated with increased ratio of observed to expected number of deaths in the patients.
Studies on diabetic patients in Western countries have consistently shown a poor prognosis compared with the life expectancy of the general population [1] [2] [3] [4] [5] [6] [7] [8] [9] . This is due largely to late manifestation of cardiovascular complications of the disease [5] [6] [7] [8] . Some previous studies suggest that there may be differences between diabetic patients in Japan and those in the West with regard to clinical manifestation and complications of the disease and causes of death [10] [11] [12] . However, detailed information is lacking on long-term prognosis in Japan. A long-term follow-up study of diabetic patients was started at our hospital in Osaka in 1962. The present report concerns the mortality rates and causes of death in our patients during the past 20 years.
Subjects and Methods

Patients
A total of 1,221 diabetic patients (705 men and 516 women) first seen at our hospital during the period 1962-1979 were studied. They were all Type 2 (non-insulin-dependent) diabetic patients, newly diagnosed (70.9%) or with duration of disease < 5 years at entry to the study (29.1%). They had fasting glucose level )6.7mmol/1 (120mg/dl) and/or 2 h glucose level i> 10.0 mmol/1 (180 mg/dl) in their first 50-g oral glucose tolerance test, in which venous blood samples were taken and plasma glucose determined by the ferricyanide method on a Technicon autoanalyzer. The mean + SEM age of the subjects at entry to the study was 50.5 + 0.4 years for men and 54.0 + 0.5 years for women (Table 1 ). All subjects were followed up to the end of 1981; the mean follow-up period was 7.5 years for both sexes.
MeNo~
The patients were followed up by hospital outpatient computer, questionnaire, community record, or by a direct telephone call when all else failed, and their vital states (alive or dead) were confirmed. Since 1978, these procedures have been repeated yearly.
For each subject confirmed dead, a copy of the death certificate was obtained and the causes of death determined from both medical record and death certificate. The causes of death were classified according to the eighth revision of the International Classification of Diseases.
Since the period of observation varies with individual patients, a mean mortality rate was computed on a person-year basis by dividing number of deaths by sum of individual follow-up years in each sex and age group. The mortality in diabetic patients was compared with that in the general population in Osaka by computing a ratio of observed to expected number of deaths (O/E ratio). The expected number of deaths was estimated using mortality statistics from the Osaka Prefecture during the follow-up period on the yearly basis. The statistical significance of O/E ratios and their association with risk factors were calculated using a Z 2 test.
Obesity was defined as body weight above t ] 5% of the ideal body weight, using the standard weight and height tables for Japanese [13] . Urine protein was determined by Albustix (Miles-Sankyo C, ompany, Tokyo, Japan) and (+) or more was defined as positive albuminuria. Impaired renal function was defined as phenolsulfonephthalein excretion (in the PSP-test) below 25% at 15 rain.
Results
Mortality
At the end of 1981, 1,019 patients were alive, 201 were dead and one could not be traced. Mean annual mortality rates were 2.55% for men and 1.64% for women, with a sharply increasing trend with age for both sexes (Table 1) . Observed and expected numbers of deaths and O/E ratios are given in Table 2 . O/E ratios were 1.50 for diabetic men and 1.39 for diabetic women, both of which indicated higher mortality in diabetic patients than in the general population in Osaka. O/E ratios were inversely related to age at entry to the study, revealing significant excess mortality in the patients with younger ages, but no excess mortality in the patients older than 65 years.
Factors Related to Excess Mortality in Diabetic Patients
O/E ratios were further analyzed in relation to other factors that might affect the prognosis (Fig. 1) . Age at onset of diabetes < 45 years, albuminuria, diabetic retinopathy, fasting glucose level > 11.1 mmol/1, and insulin treatment were associated with O/E ratios significantly higher than in patients without these conditions, Obesity and impaired renal function also tended to influence the O/E ratios but without reaching statistical significante. The reason for the higher mortality in the insulintreated group was analyzed by examining the frequency of the above-stated risk factors in that group. In general, patients treated with insulin tended to have an earlier age of onset of diabetes, less obesity and higher fasting glucose levels than patients given other types of treatment.
Causes of Death
Cerebro-cardiovascular and renal disease were the major causes of death, accounting for nearly half (45.8%, Table 3 ). Among them, heart disease was the cause of death in 16.9% of patients, cerebrovascular disease in 16.4% and renal disease (including diabetic nephropathy) in 11.9%. More than a quarter of the deaths (26.9%) were attributed to malignant neoplasms, with cancer of the liver most frequent.
The O/E ratio for renal disease (11.82) was remarkably high in diabetic patients. O/E ratios were also high for ischaemic heart disease (2.31), and hypertensive heart disease (1.93). On the other hand, cerebrovascular disease showed only a slight increase compared with the general population. Malignant neoplasms also showed an increase in O/E ratios, particularly for cancer of liver (8.86), and of pancreas (2.70). In addition, the O/E ratio for cirrhosis was increased in diabetic patients (3.24). Subsequent analysis showed a sex difference in renal disease, with a higher frequency in women than in men. In contrast, no sex differences in cerebrovascular and heart disease as cause of death were noted among the patients.
Discussion
Studies in the West consistently show diabetic patients to have a higher mortality and a shorter life expectancy than the general population. Kessler [5] found standardized mortality ratios of 1.74 for men and 1.27 for women at the Joslin Clinic, and Kr61ewski et al. [6] reported O/E ratios of 1.31 for men and 1.27 for women in diabetic patients in Warsaw. An excessive mortality of diabetic patients was also observed in the district of Erfurt, Germany [4] , while the mortality rate of male diabetic patients was found to be increased by a factor of 2.62 in a 10-year study on employees at the Du Pont Company [8] . Similarly, a survey in Birmingham, UK, indicated mortality in diabetic patients to be 1.37 times higher than in the general population [9] .
The present study was carried out to obtain detailed information on the prognosis of diabetic patients in Japan. The O/E ratios found in our male and female patients correspond to most of those found in studies carfled out in the West [5, 7, 8] . In our study, a higher mortality was found in diabetic men than in diabetic women, which agrees with some [4, 5] , but not other studies from Western countries [1, 5, 7, 14] .
The present findings indicate that albuminuria, diabetic retinopathy, a fasting glucose level > 11.1 mmol/1 and early onset of the disease tended to increase the mortality of Japanese diabetic patients. Thus, the present study agrees largely with a previous epidemiological study of Japanese diabetic patients which showed that the degree of glucose intolerance, hypertension, ischaemic changes on the electrocardiogram and albuminuria were associated with poor prognosis [11] . It is noteworthy that similar risk factors for mortality in diabetic patients were reported by Gottlieb in a study at the Joslin Clinic [15] and by Pell and D'Alonzo at the Du Pont Company [8] .
Cerebro-cardiovascular and renal diseases, or angiopathy, were the major causes of death in the present study; they accounted for nearly half the deaths and caused 1.62 times as many deaths as would be expected on the basis of mortality statistics from Osaka. The high frequency of cerebro-cardiovascular and renal diseases as causes of death in diabetes was also noted in two previous Japanese reports [12, 16] , and resembles closely findings obtained in studies on diabetic patients in the West [4, 6, 8, 14] . However, the frequency of three major angiopathies in our study somewhat differs from that in the West. The frequency of heart disease was much lower, while that of cerebrovascular and renal diseases was higher compared with the report from the Joslin Clinic [14] . Almost similar results on Japanese diabetic patients were reported previously [16, 17] .
In addition, cancer of liver and of pancreas showed a marked increase as cause of death in diabetic patients compared with the general population. Cirrhosis also appeared to be a frequent cause of death in Japanese patients [11, 12] , whereas it is rarely reported as a cause of death in diabetes in the West [5, 18, 19] . Nevertheless, the present findings suggest that the prognosis and causes of death in diabetic patients in Japan are in general similar to those in Western countries, except for some differences pointed out above.
